Phthalates are ubiquitous environmental pollutants associated with endocrine disruption and peroxisome proliferation in experimental animals. In yeasts exposed to environmental chemicals, including phthalates, alterations in cell growth, cellular morphology, and H2O2 detoxification occur. Nutrient availability also influences diverse cellular processes. Differences in responses to environmental stress between Candida albicans and the model yeast, Saccharomyces cerevesiae, have been reported. In this study, we chose C. albicans as an alternate model for testing estrogen-like chemicals because of its high affinity estrogen-binding protein and, in contrast to S. cerevesiae, estrogens are not growth inhibitory for C. albicans. Cultures were grown in either yeast nitrogen dextrose (YND; phosphate limiting) or YNDP (YND plus 100 mmol/L inorganic phosphate). For chemical testing, 0.5% dibutylphthalate (DBP), 0.05% Tween 80, or a combination of the two (DBPT) were incorporated in growth media to investigate the effects of these estrogenic agents on cell proliferation, morphology, and catalase demonstration. We observed significant differences in cell growth related to DBP and changes in cell wall thickness related to both Tween 80 and phosphate. We describe ultrastructural changes including detachment of the outer yeast cell wall layer and presence of putative peroxisomes. Our findings support the proposal that C. albicans may be particularly suitable for use in studies involving cellular responses associated with exposure to estrogenic chemicals contained in complex mixtures.
Introduction
Dibutylphthalate (DBP), a plasticizer which induces peroxisome proliferation in mammalian cells, has been found in numerous products including cosmetics (Casas-Hernández et al. 2003; Kavlock et al. 2002; Kleinsasser et al. 2000) and pharmaceuticals (Aqil et al. 2004; Makhija and Vavia 2003; Yoshikawa et al. 2002) . As plasticizers, phthalates are not chemically bound to the product and may leach into the surrounding medium. In addition to the induction of peroxisome proliferation, DBP is teratogenic in zebrafish (Pterois volitans (L. 1758) (Ortiz-Zarragoitia et al. 2006) and is a known endocrine disruptor in humans (see the review by (Heudorf et al. 2007) . Tween 80, a polyethylene-sorbitan oleate, is an additive in food products and oral pharmaceuticals. When used as an adjuvant for antitumor drugs such as adriamycin, increased drug toxicity has been demonstrated (Casazza et al. 1978) . Much like DBP, Tween 80 may also have an estrogenic activity in mammals (Gajdova et al. 1993 ). Classical toxicity tests, which employ single chemical compounds and cellular biosensors such as enzymes and organelles, reproduce only part of the interaction of toxicant and organism and frequently do not take into account the bioavailability of the chemical or the possibility of synergistic/ antagonistic effects between chemicals contained in complex mixtures. Further, choice of a single organism may not provide an adequate picture of the extent of toxicity from complex mixtures since differences between organisms are known to occur at the genetic, biochemical, and organelle levels.
The adverse effects of DBP in developing rodents are attributed to the monoester metabolite, monobutylphthalate (MBP) (Fennell et al. 2004 ). When urinary MBP was used as biomarker to assess DBP exposure in human volunteers, detection of DBP metabolites provided evidence for environmental exposure and biotransformation in vivo, whereas detection of the parental compound in urine has been considered to be an indication of environmental contamination (Duty et al. 2005; Silva et al. 2004 Silva et al. , 2003 Blount et al. 2000) . Bacteria such as Burkholderia cepacia have the ability to grow on phthalates. Burkholderia cepacia degrades phthalates using phthalate dioxygenase to initiate transformation of the dicarboxylated aromatic compound to oxygenated products. These oxygenated products are subsequently decarboxylated and enter the TCA cycle (Tarasev et al. 2004; Chang and Zylstra 1998; Gassner et al. 1994; Correll et al. 1992; Higson and Focht 1992) . Because of a similarity in structure of phthalate to quinolinate, the precursor to the pyridine ring in NAD, phthalates are potentially toxic for microorganisms during growth in minimal medium (Chang and Zylstra 1999) . Recent studies have shown that peroxisome proliferators increase the transcription of key enzymes in the tryptophan-NAD pathway in mammalian cells (Shin et al. 2003) .
In all organisms, exogenous factors, including nutrients and generators of physical and chemical stresses, elicit cellular responses that ultimately reconfigure patterns of gene expression associated with growth rate and development. While no unifying concept of stress compensation has been described, membrane fluidity associated with the modulation of unsaturated lipids is believed to play a general role in stress sensing in the model yeast, Saccharomyces cerevesiae (Chatterjee et al. 1997) . Subtle changes in the membrane lipid composition of S. cerevesiae attributed to the presence of a dioctylphthalate contaminant leached from plastic containers in a commercial yeast medium preparation have been reported (Chatterjee et al. 2001) . Bioactive contaminates such di(2-hydroxyethyl)methyldodecylammonium and 9-octadeceneamide have recently been reported in leachates from disposable laboratory plasticware, both having detectable affects in bioassays (McDonald et al. 2008) . In that study, inhibitory effects on human monoamine oxidase activity, an enzyme associated with xenobiotic metabolism, was demonstrated. In Candida albicans, the physical state of the cell membrane contributes to resistance to antimicrobial peptides (Veerman et al. 2007) . It is reasonable to assume, therefore, that the cell membrane may also serve as stress-response sensor in C. albicans. As the cell membrane links the external environment with biochemical signaling pathways, including activation of transcription, it is not surprising that gene activation resulting from membrane perturbations can ensue when cells are stressed by environmental xenobiotics. When transcriptional profiling was used to investigate gene activity in C. albicans, Enjalbert et al. (2003) noted that, unlike S. cerevesiae, C. albicans did not induce a common set of genes in response to stresses. Temperature or osmotic or oxidative stress induced unique gene profiles, and the authors reported that cross-protection to the respective stresses was not evident. Although S. cerevesiae strains are routinely used in short-term assays for the hazard assessment of genotoxic environmental agents, it is important when selecting target organisms for chemicals considered being non-genotoxic such as the peroxisome proliferators to consider differences in stress responses.
Peroxisomes are organelles associated with the decomposition of hydrogen peroxide in yeast cells, whether generated endogenously by oxidase or exogenously by uptake and sequestering of toxins. Peroxisomes play an indispensable role in the growth of yeasts in the presence of substrates such as methanol, DBP, and oleic acid, all of which increase peroxisome proliferation in model organisms. Tween 80 is frequently incorporated in oleic acid medium formulations to promote lipid dispersion (Edwards and Quinn 1982) . The oleate Tween 80 can also be involved in peroxisome biogenesis (Edwards and Quinn 1982) . When cells of the methylotrophic yeast Candida boidinii were exposed to multiple potential peroxisome-inducing carbon sources in growth medium containing Tween 80, competitive effects on organelle proliferation and enzyme composition were not observed (Sakai and Subramani 2000; Routledge and Sumpter 1997; Tsuboi et al. 1996) .
In a prior study using isolates of C. boidinii, we demonstrated that the addition of DBP or oleic acid to minimal growth medium induced peroxisome proliferation (Raschovan 2004) . Differences in catalase activity, a marker enzyme for peroxisomes in yeast, were also noted in that study when C. boidinii and C. albicans strains were compared morphologically and biochemically. In the current study, the effects of addition of Tween 80 and DBP, 2 supplements found in food as additives or contaminants, on the catalase enzyme and yeast ultrastructure were evaluated. Candida albicans was selected because this yeast has an estrogen-sensing/estrogen-responding protein for environmental chemicals with demonstrable estrogenic activity such as DBP (Raschovan 2004) . Binding of 17-b-estradiol, a major estrogen metabolite, has been reported to stimulate dimorphic transition in C. albicans, a process that is associated with significant alterations in cell wall morphology (Lengeler et al. 2000; Zhang et al. 2000) .
To address the possibility of interference resulting from chemical antagonisms in analyses involving environmental samples we employed known estrogenic compounds, DBP and Tween. We used TEM to demonstrate the effects of treatment with the respective chemical additions on cellular ultrastructure during growth. Diaminobenzidine precipitation by an H 2 O 2 -induced oxidase was employed to evaluate catalase activity and indirect immunofluorescence was used to localize the catalase enzyme. Cytopathic effects including increased vacuolation, loss of cell wall integrity, and peroxisome proliferation were observed in electron micrographs and are discussed with respect to the treatment regimen employed.
Materials and methods

Yeast strain and growth medium
Cultures of C. albicans were grown in the minimal medium yeast nitrogen dextrose (YND) and YND supplemented with 100 mmol/L inorganic phosphate (YNDP). The basal medium consisted of 0.2 g/L L-proline, 3.0 g/L ammonium sulfate, 4.0 g/L dextrose, and 1.7 g/L Difco yeast nitrogen base without amino acids or ammonium sulfate. The yeast nitrogen base, prepared as a 10Â stock, was filter sterilized. The remaining medium ingredients were autoclaved. Additions of 0.5% DBP and 0.05% Tween 80 or a combination of DBP plus Tween 80 (DBPT) were made prior to medium inoculation. Cultures grown in media were incubated at 37 8C for 48 h. To assess cell growth, an aliquot of cells were spread on plates, incubated for 48 h at 37 8C, and colony forming units (CFU) counted. Cells were grown in conditions defined above. Chemicals including DBP and Tween 80 were purchased from Sigma-Aldrich (St. Louis, Missouri).
TEM
Chemicals for electron microscopy, including fixatives and resins, were purchased from Electron Microscopy Sciences (Hatfield, Pennsylvania). Other chemicals were purchased from Sigma-Aldrich. Cultures were prepared for electron microscopy as previously described by Wright (2000) . Briefly, cells were fixed for 5 min at room temperature in 4% glutaraldehyde in 0.2 mol/L PIPES buffer (pH 6.8) containing 0.2 mol/L sorbitol and 2 mmol/L MgCl 2 , followed by overnight fixation in the same fixative at 4 8C. Cells were then rinsed in dH 2 O, post-fixed in 2% KMnO 4 for 5 min, followed by post-fixation for 45 min in fresh KMnO 4 . Cells were then rinsed repeatedly in dH 2 O to remove the KMnO 4 and subsequently stained for 1 h at room temperature with 1% aqueous uranyl acetate. Cells were dehydrated in an ascending ethanol series, infiltrated with Spurr's low viscosity resin (Spurr 1969) , and polymerized at 60 8C for 24 h. Resin blocks were thin-sectioned (60-90 nm) using a Leica Ultracut-UCT microtome. Sections were post-stained with Reynold's lead citrate (Reynolds 1963) and imaged using a Phillips CM 100 TEM at 60 keV.
Statistical analyses
Digitized electron micrographs were opened directly by Image J 1.330 (NIH) and cell wall thickness and vacuole area measured directly from the image. Data from Image J were imported into GraphPad InStat version 3.0 for Macintosh (GraphPad Software, San Diego, California). For cell wall thickness assays, a 1-way ANOVA was employed to test variations within treatments and a Bonferroni post hoc test was employed to analyze within group differences. For vacuole number comparison, the number of vacuoles observed in the phosphate-limited (YND) cells versus phosphate rich (UNDP) cells was compared using a MannWhitney test to compare total vacuoles observed in phosphate-limiting conditions, and the Bonferroni post hoc analysis for analysis of differences within growth conditions. For cell growth and vacuole area, the 1-way ANOVA was followed by the Dunnett's post hoc test (Dunnett 1964) . Statistical significance for all assays was set at p < 0.05.
Catalase
For cytochemical visualization of catalase using diaminobenzidine precipitation, cells were grown for 48 h in YNDP alone or with DBP, Tween 80, and DBPT, along with untreated controls. After incubation, the cells were harvested by centrifugation and fixed in 6% glutaraldehyde in 0.1 mol/L sodium cacodylate buffer (pH 7.2) for 60 min at 0 8C (Lewis 1992). Excess fixative was removed by rinses in the same buffer. Each sample was divided into 2 aliquots for catalase cytochemistry, 1 to demonstrate the enzyme substrate reaction and the second to serve as a staining control. For the enzyme-substrate reactions, cells were incubated in 0.1 mol/L Tris (pH 8.5) containing 0.5 mg/mL diaminobenzidine (DAB) and 0.02% H 2 O 2 from a fresh 1% stock solution. For the controls an equivalent amount of water instead of H 2 O 2 was added. The samples were incubated at room temperature for 30 min and the reaction stopped by the addition of fresh Tris buffer. The cells were subsequently post-fixed in 0.5% OsO 4 and 2.5% K 2 Cr 2 O 7 for 90 min at 0 8C. The samples were then dehydrated in ethanol and embedded in low viscosity resin as before.
For immunofluorescence experiments, spheroplasts were prepared from yeast cells, grown in YNDP for 48 h at 37 8C. Cells were collected by centrifugation, weighed, and washed in buffer containing 1 mol/L sorbitol, 10 mmol/L MgCl 2 , and 50 mmol/L Tris-HCl, pH 7.8. Washed cells were resuspended in the same buffer containing 30 mmol/L dithiothreitol (DTT), incubated for 15 min at 25 8C, harvested by centrifugation, and resuspended in buffer containing 1 mg lyticase / g cells (Sigma-Aldrich, St. Louis, Missouri) and 1 mmol/L DTT. The suspensions were incubated at 30 8C for 60 min and the reaction terminated by adding an equal volume of buffer. The spheroplasts were recovered by centrifugation and then fixed in 4% formaldehyde in Sorenson's phosphate buffer (pH 7.2) for 1 h. Sorenson's buffer was used in all subsequent steps. The fixed spheroplasts were subsequently rinsed in the buffer containing 1% normal goat serum. The sample was incu-bated at 25 8C in rabbit anti-catalase (Chemicon International, Temecula California) and then diluted 1:100 in buffer containing 4% normal goat serum and 0.05% Tween 20. Following rinses in buffer containing 1% normal goat serum, the spheroplasts were incubated with a FITC-conjugated goat anti-rabbit IgG secondary antibody for 1 h at 25 8C. Additional rinsing in buffer containing 1% goat serum and finally in buffer alone were performed. Aliquots were placed on a microscope slide and imaged with a Leica SP2 AOBS confocal laser scanning microscope. Gain and offset were set for the control cells and retained for all subsequent treatments. Therefore, the intensity of fluorescence represents relative changes in catalase localization from the control cells. Images were saved in the TIFF format and imported into Adobe Photoshop to create the resulting plates. No alterations were made to retain the overall fluorescence.
Results
Cell growth
Although occasional hyphae were noted in control cultures after 48 h, the yeast morphology was the predominant form observed. Yeast cell growth, as estimated by colony forming units (CFU), is not dependent on phosphate levels, as cells grown in YND and YNDP demonstrated similar patterns of growth (Fig. 1) . In the YND media containing DBP or DBPT, cell growth was significantly decreased as compared with control cultures (p < 0.01). The addition of Tween 80 alone to cell cultures had no effect on cell growth (Fig. 1) . In the YNDP media, only the addition of DBP decreased the growth compared with control cells (p < 0.05). No other statistically significant differences were demonstrable using the stringent Dunnett's test.
Electron microscopy
In all preparations, membrane-bound vacuoles were observed. When comparing all cells from all treatments within a single medium type, there was a significant decrease in the number of vacuoles observed in phosphate-limited medium versus high phosphate medium (p < 0.01). When comparing within groups, the ANOVA analyses revealed no significant differences in vacuole number (p > 0.09) for YND-grown cells ( Fig. 2A) . For the high phosphate groups, the ANOVA analyses indicated an extremely significant difference (p < 0.001) and the post hoc analysis revealed significant differences between control and DBP-treated cells ( Fig. 2A ; p < 0.001). We also found a significant difference between DBP-and Tween 80-treated cells (p < 0.001).
With respect to the morphology of these vacuoles, we noted that in some preparations the size of the vacuoles appeared increased, suggesting a possible fusion of membranebound compartments. When we measured the area of the vacuoles, we found that in the phosphate-limited cells, the addition of DBP significantly decreased the mean of vacuole area compared with controls ( Fig. 2B ; p < 0.001). Further, the co-addition of Tween to the DBP abolished the DBP effect; the sizes of the vacuoles were significantly larger in the DBPT-treated cells ( Fig. 2B ; p < 0.001). Because of the marked variation in vacuole size, statistically significant differences between the control and Tween 80-and DBPTtreated cells could not be ascertained.
In control cells grown in YND and YNDP, the cytoplasm contained abundant ribosome-like particles, and mitochondria, located along the cell periphery (Figs. 3A and 4A ). The outer cell wall was impregnated with electron-dense materials in all cells, suggesting the presence of a proteinrich layer (Figs. 3 and 4) .
Uninduced, glucose-grown yeast cells typically contain few peroxisomes. In this study the number of putative peroxisomes noted was increased in the treated cells, independent of phosphate levels (Figs. 3C-3E and 4B-4E) in the growth medium. Many of the peroxisomes became intimately associated with the vacuoles, with some appearing to be contained within the vacuoles (Figs. 3C-3E and 4B-4E). In the high phosphate group, we also observed electron-dense materials within the lumen, suggesting that perhaps micropexophagy of the peroxisome was occurring here. We also observed polyvacuolar bodies in the low phosphate-treated cells (Figs. 3B-3E) . Further, when we examined these bodies in the DBPT-treated cells, a detachment of the lining of these membrane-bound structures was noted (Fig. 3E) . We did not observe a similar effect in the DBPTtreated cells grown in high phosphate media. The demonstration of polyvacuolar bodies appeared to be reduced in the presence of high phosphate (Figs. 4A-4E) .
In DBP-treated cultures from either medium, a striking toxic effect, extensive detachment of the outer wall layer, was observed (Figs. 3B and 4B ). Similar outer wall peeling was not noted in DBPT-treated cells (Figs. 3D, 3E , and 4E). The width of the cell wall in these cells was comparable to those treated with Tween 80 alone (Figs. 3C, 4D , and 5). The outer limits of the walls in the control and Tween-and DBPT-treated cells appeared diffuse; attached outer wall regions in DBP-treated cells were strongly electron-dense (Fig. 3B) . Cell wall thickness was significantly different in the treated cells compared with controls in both the YND and YNDP media (Figs. 3C and 5) . Interestingly, DBP treatment significantly decreased cell wall thickness in cells grown in YND, yet increased wall thickness in cells grown in YNDP when compared with control cells. Growth in DBPT resulted in decreased cell wall thickness compared with Tween-treated cells, irrespective of extracellular phosphate levels. In cultures treated with Tween alone, increased cell wall thickness was noted in most cells (Figs. 3C and  4D ). The mean cell wall thickness in Tween-treated cells was significantly greater than in the controls in both the YND and YNDP media ( Fig. 5 ; p < 0.001).
Based on our morphological observations, we used YNDP media supplemented with DBP, Tween, or both to assay for catalase using enzyme cytochemistry to demonstrate activity (Figs. 6A-6D ) and immunofluorescence to demonstrate localization (Figs. 6E-6H ). Using an oxidase cytochemical reaction, electron-dense deposits confirmed the localization of enzyme in inclusions near vacuoles, strongly suggesting that these inclusions are peroxisomes. In control cells, catalase activity was sparse and localized to small structures near the vacuole (Fig. 6A) . Using immunofluorescence, we were able to localize catalase in spheroplasts near the outer spheroplast membrane. We believe that location of the enzyme at the periphery may be the result of removal of the cell wall, which could disrupt cytoskeletal integrity and facilitate peroxisome movement. In the DBP-treated cells, there was a marked increase in catalase activity (Fig. 6B) and protein (Fig. 6F ). In the Tween-treated cells, large inclusions were reactive (Fig. 6C ), but the immunolocalization was lower than controls (Fig. 6G ). In the DBPT-treated cells, the level of catalase activity was greater than in the controls and Tween-treated cells (Fig. 6D) . Catalase localization confirms an intermediate expression of the enzyme in these cells (Fig. 6H) . Therefore, we conclude that peroxisomes are present in C. albicans 36232 and that peroxisome number is more pronounced in the presence of DBP.
Discussion
DBP, a peroxisome proliferator in rodent systems, is weakly estrogenic when screened using a S. cerevesiae recombinant yeast assay system (Harris et al. 1997; Routledge and Sumpter 1997) . During validation studies of xenobiotics that exhibit estrogenic activity, variability in the assay reproducibility was observed when select phthalates were employed as test chemicals. Inconsistencies in sample testing were attributed to the presence of contaminants or to differences in metabolic activation (Zacharewski 1997) . Irregularities in the case of phthalates might also be associated with differences in chemical bioavailability, particularly when solubility is a consideration (Hu et al. 2005) . The surfactant Tween 80 has been incorporated in a number of experimental procedures, primarily to promote chemical solubility. We were particularly interested in the effects of Tween 80 addition in our DBP studies because Tween 80 has been employed to extract estrogenic chemicals from environmental samples (Patrolecco et al. 2004 ). In addition, Tween 80 exhibits a variety of effects on cell physiology that might be relevant to DBP metabolite disposition in cells. In particular are reports that Tween 80 promotes enzyme-catalyzed oxidative degradation of phenolic compounds (Bach et al. 2005 ) and inhibits mitochondrial transport in yeasts (Baguley et al. 1990) .
Candida albicans, a pathogenic dimorphic/polymorphic yeast, binds estrogenic chemicals and modifies its morphology and cell wall ultrastructure in response to changes in the growth environment. We have previously demonstrated filamentation in C. albicans grown in glucose minimal medium (YND) using a commercial medium formulation (Raschovan 2004) . We incorporated ammonium in our media to insure that cells would be maintained in the yeast form for these studies (Land et al. 1975) . Additional phosphate was incorporated in the growth medium, since previous experiments to evaluate both mitochondrial and cytosolic redox reactions using water soluble tetrazolium salts suggested that phosphate might be limiting in the commercial medium preparations (Raschovan 2004 ). In the current study, we could not demonstrate any statistically significant differences in growth parameters that were phosphate dependent. With the exception of YNDP-DBPT treated cultures, when the cells were exposed to the estrogenic compound DBP, at the concentration employed, cell growth significantly decreased, regardless of phosphate availability. However, it could be argued that the apparent growth enhancement observed with the combination of Tween and phosphate would explain the nonsignificant decrease in growth in the YNDP-DBPT cells. Yeast cells generally contain both inorganic and organic phosphate, with the majority of organic phosphate found in rRNA when phosphate is sufficient in the growth medium. Alternately, ribosome production is restricted under conditions of phosphate limitation (Chang et al. 2005 ). Our control cells grown in unmodified YND medium contained abundant ribosomes, suggesting that the phosphate requirement needed for ribosome assembly was adequate. However, when comparing untreated controls with regard to phosphate levels, ribosome number appeared to decrease with phosphate addition. Further, when examining ribosome number in the treated cells, we likewise found an apparent decrease in ribosomes with phosphate addition. Tween 80 treatment resulted in a significant reduction in ribosome number, which we believe may indicate increased protein degradation. In S. cerevesiae, Ju and Warner (1994) reported that ribosome synthesis declines early in the growth cycle and suggested that the regulation of ribosome synthesis and degradation constitutes a cellular response to unfavorable changes in the growth medium. Although C. albicans and S. cerevesiae exhibit some striking genetic, biochemical, and morphological differences in response to environmental In the DBPT-treated cells, the amount of electron-dense material in the lumen can also be reduced, suggesting that micropexophagy has occurred within the 48 h of treatment. Bar = 500 nm. MVB, multivacuolar bodies; Nu, nucleus; M, mitochondria; R, ribosomes; P, peroxisomes; V, vacuoles. stress as we note here, similarities also exist. In particular, the ribosome synthesis pathway is likely to be a conserved mechanism in both species that can be altered in response to nutritional availability.
An indication that an increase in medium phosphate may constitute a potentially adverse cellular response was the extent of vacuolation noted in cells grown in YNDP media. However, vacuoles have multiple functions in yeast cells: they can act as degradation sites or serve a storage function (Iwata et al. 2006; Persson et al. 2003) . Different types of vacuoles often coexist in the same cell. In yeasts, the degradation of peroxisomes that are rendered nonfunctional by chemical treatment also appears to occur in vacuolar compartments (Iwata et al. 2006) . Evaluation of the morphological data suggested that the vacuole-associated microbodies, which were increased in phosphate-grown cells, could be peroxisomes and that the observed vacuolation in these cells was most likely associated with degradative processes.
Catalase has been used as a marker enzyme for peroxisomes in many cell systems. Saccharomyces cerevesiae has 2 catalases, SSC-T and SSC-A. Synthesis of SCC-A, the peroxisomal catalase, is regulated by promoters responding to glucose repression and fatty acid activation (Loewen et al. 2001) . Deletion of CTA1, the gene encoding peroxisomal catalase, resulted in growth inhibition in C. boidinii, when peroxisome-inducing carbon sources were employed, presumably because of the accumulation of reactive oxygen species generated by radical producing oxidases (Horiguchi et al. 2001 ).
Catalase localization in C. boidinii has been shown to be dependent on the inducing carbon source; peroxisomal catalase has been localized exclusively in peroxisomes in oleategrown cells and bimodally distributed between cytosol and peroxisomes in methanol-grown cells (Sakai et al. 1998) . Although catalase is the most abundant peroxisomal enzyme, Cajaraville et al. (2003) reported that catalase measurement cannot be considered as a good marker of peroxisome proliferation in higher eukaryotes. This proposition is based on the reported lack of transcriptional regulation of catalase by PPARa, the peroxisome proliferator-activator receptor. Other reports, including the reduction in catalase activity in aquatic species in response to peroxisome proliferators (Cancio et al. 1998 ) and the formation of peroxisomes devoid of catalase in clofibrate-treated mice (Klucis et al. 1991) , lend support to this proposal. In a prior study of nutritional effects on peroxisome proliferation in C. boidinii and C. albicans, we were unable to demonstrate catalase activity in C. albicans strains grown in oleic acid medium containing Tween 80 (Raschovan 2004) . We interpreted these data as species differences in medium-induced modulation of peroxisomal catalase synthesis. In the present study with C. albicans, the immunofluorescent signal for catalase activity was above control levels in DBP-treated cells, although growth inhibition was observed. This signal was diminished in the presence of Tween 80, which was reminiscent of the loss of catalase activity observed previously in oleic acid -Tween medium (Raschovan 2004) . In control cultures grown in minimal medium, the addition of phosphate caused a significant reduction in cell wall thickness. When examining treatments within the nutritional groups, addition of DBP, Tween 80, or both significantly influenced the cell wall size. Only the addition of Tween 80, however, caused a significant increase in cell wall width. Additional alterations in the yeast cell wall architecture affected by Tween 80 addition include inhibition of the debridement of outer wall material in DBP-treated cells. These data suggest that both agents interact with similar components in the cell wall. The apparent increase in inner cell wall thickness observed in Tween 80-treated cells appears to be a specific response to Tween and was unaffected by exposure to DBP. We believe that the increase in wall dimensions observed with Tween 80 addition is associated with the activity of enzymes involved in cell wall remodeling as has been reported during blastospore formation and (or) germ tube extension (de Groot et al. 2004) .
Yeast cell wall layers differ with respect to chemical composition (de Groot et al. 2004; Fleet 1985; Elorza et al. 1983; Nickerson 1974) . The outer wall layer is composed of glycosylated mannoproteins, some of which are connected to interior glucan wall layers through phosphodiester linkages (de Groot et al. 2004) . Our data suggests that DBP may be metabolically activated at the cell surface and, as a consequence of this activation, the attachment of the outer wall layer may be compromised. An esterase activity in the extracellular space in C. albicans, which is induced in medium containing Tween 80 as the sole carbon source, has been described (Tsuboi et al. 1996) ; however, the physiological role of this enzyme has not been determined. We have demonstrated wall-associated esterase activity in our strains of C. albicans using umbelliferyl butyrate or indoxylbutyrate as a substrates (data not shown); however, this enzyme appears to be constitutive: activity was demonstrable in complete and minimal medium with or without the inclusion of Tween 80. Although it is known that human carboxylases catalyze the hydrolysis of ester-containing xenobiotics, fatty acids, and steroids (Zacharewski 1997) , the physiological function(s) of the various esterase enzymes in yeasts has not been defined.
Saccharomyces cerevesiae derivatives are routinely used for the evaluation of the genotoxicity of environmental chemicals that interact with estrogen receptors. The genetic characterization of C. albicans, although similar, is not entirely comparable with that of the model yeast S. cerevesiae. Saccharomyces cerevesiae has the ability to induce a general stress response in the adaptation to environmental changes that includes the production of detoxification enzymes when presented with reactive oxygen species (Veerman et al. 2007) . Genes common to heat shock, osmotic stress, and oxidative stress are induced. Similar cross-protection has not been demonstrated in C. albicans (Enjalbert et al. 2003) . Rather, the pattern of genes induced in response to the respective stress types appears to be unique, a feature that could facilitate studies of agents contained in complex mixtures whose activation or detoxification is dependent on different pathways.
A number of current assays used to evaluate endocrine disruptors in S. cerevesiae employ recombinant strains containing the human estrogen receptor gene and measure competitive binding or transcriptional and translational activation of reporter gene constructs through an estrogen response element (Bovee et al. 2004 ). Differences in responses to environmental stress between C. albicans and the model yeast, S. cerevesiae, have been reported. In this study, we chose C. albicans as an alternate model for testing estrogen-like chemicals because of its high-affinity estrogenbinding protein and, in contrast to S. cerevesiae, estrogens are not growth inhibitory for C. albicans. The estrogen-binding protein of C. albicans has no homology to the mammalian estrogen receptor (Madani et al. 1994) . It has been characterized as a member of a family of oxidoreductases, which include the old yellow enzyme from S. cerevesiae, an enzyme that lacks substrate specificity and is capable of binding a number of phenolic compounds in addition to 17-b-estradiol. We believe this study draws attention to the possible interference of nonspecific binding and (or) transport of estrogenic chemicals in yeast cell assays, which may explain some of the assay discrepancies previously reported.
The biotransformation and metabolic activity of individual components contained in compound mixtures is often difficult to decipher. We have demonstrated that DBP at a toxic dose levels induces peroxisomes, which are the site of catalase and oxidases involved in hydrogen peroxide production in yeast. Although the addition of Tween 80 in our study did not affect the induction of peroxisomes by DBP at high dose levels, a modified interaction of the chemical at the outer layer of the yeast cell wall in the presence of Tween 80 was demonstrated. Extended studies with low-dose DBP and Tween 80 under growth conditions that promote dimorphic transition in C. albicans, a process associated with significant cell wall modification, are currently in progress.
